Structural Health Monitoring (SHM) is not new in the field of structural engineering and its application goes from the monitoring to evaluation of bridges, dams, buildings, and other similar structures. As per National Structural Code of the Philippines (NSCP) Volume 1 [1] [2] [3] [4] , the Implementing Rules of earthquake recording instrumentation of buildings has been continually advancing, but not in the case of bridges and dams. The objective of this paper is to apply the established sensor-driven accelerometer developed by USHER (Universal Structural Health Evaluation and Recording) system in the evaluation of Padre Jacinto Zamora Bridge in Manila; specifically, to determine the proper installation of the developed accelerometer in the identified critical parts of the bridge. SHM addresses the problem of structural integrity assessment and help in assuring repair cost to a minimal. SHM helps quantify the strength of a structure by identifying the damage. Often evaluations are made using visual inspection and by age consideration. Most of the time, the use of this type of evaluation tend to be expensive. Repairs are not directed to the damaged component alone but the whole structure. Hence, the expenditure expands. SHM with the application of Micro-Electro-Mechanical Sensors (MEMS) will allow gathering of data that can be converted in the form of the structure's modal properties (i.e. natural frequency, mode shape, and damping ratio) [6, 7] . Structural health is then determined and be ready to compare it to the structural model simulation results. A method was developed to incorporate seismic fragility curves [5] to determine the thresholds for the evaluation of the structural health. Capacity spectrum method was utilized to derive the seismic fragility function. A Monte Carlo Simulation was used to derive the flood fragility curves.
Introduction
In recent times, seismic forces for engineers are inevitable in their designs, especially that of infrastructures. Structural response is utmost important to the structural engineer when he is dealing 6th AMMSE 2019 IOP Conf. Series: Materials Science and Engineering 739 (2020) 012002 IOP Publishing doi:10.1088/1757-899X/739/1/012002 2 with the earthquake hazard. In today's practice of structural engineering, data from previous earthquake event's structural response especially that of bridges are crucial in understanding the principle of performance based design (PBD) of structures. These data can be captured through recording these structural responses, e.g., displacement, velocity, and acceleration, by the system known as structural health monitoring (SHM); thus, paving the way for building instrumentation.
The Padre Jacinto Zamora Bridge is an existing concrete bridge with American Association of State Highway and Transportation Officials (AASHTO) Type IV Girders. The bridge is a reinforced concrete bridge built in the 1960's and became operational in the year 1963. Its length is about 410 meters, linking Pandacan and Paco, Manila.
The objective of this paper is to evaluate the Padre Jacinto Zamora Bridge using USHER technology. Specifically, to determine the proper installation of the developed accelerometer in the identified critical parts of the bridge and to utilize Capacity Spectrum Method (CSM) and Monte Carlo Simulation (MCS) to construct seismic fragility curves and flood fragility curves, respectively, which in turn can be used in the threshold determination for the structural health monitoring of Padre Jacinto Zamora Bridge.
Methodology
It can be seen in figure 1 the methodology used for this paper. Using the plans obtained from Department of Public Works and Highways (DPWH) of the Padre Jacinto Zamora Bridge, a structural model was constructed using CSiBridge software application. The structural model was used in the simulation and the installation of sensors. For the simulation, Capacity Spectrum Method was utilized in determining the performance point for each peak ground acceleration (PGA) of the capacity of the critical bridge pier. The performance point, particularly the displacement was compared to the damage levels set by Moschonas et. al. [8] in order to construct the table for the Probability of Exceedance. Using regression analysis to determine the statistical parameters of fragility function, the plot of seismic fragility curves was derived using Matlab. At a 10% probability of exceedance as per Structural Engineers Association Of California (SEAOC), the threshold values were determined at moderate and extensive damage level only. For the installation of USHER, the device was located and installed at approximately the center of mass of the floor plan, but to some extent such as accessibility and internet connectivity (wi-fi access), the device was located strategically [7] . While the device was installed and recording data, the bridge response was being archived and transmitted to the USHER portal and it is ready to download as per the certified structural engineer need for interpretation through a log-in access. The bridge response measured by USHER is then compared to the threshold derived from fragility curves; thus, the bridge is evaluated. 
Results and Discussions

Modeling
The model of the bridge is shown in figure 2 . In figure 3 , the components of the bridge model can be seen. 
Pushover Curves
The pushover curves for the three directions, X-direction, Y-direction, and Z-direction, are shown in figure 4 , figure 5 , and figure 6, respectively. The nonlinearity of the pushover curve declares the inelastic performance of the bridge. Thus, only the pushover curve in the Y-direction is considered for the capacity curve. Using the CSiBridge, the yield and maximum displacements were determined and it can be seen in table 1. At a base shear of 10.5 MN, the bridge pier yielded at a displacement of 60 mm, whilst at 13.7 MN, it yielded 124 mm. With these displacements, yielded (dy) and maximum (du), and substituting these values using the formulas in table 2 for the respective damage states, the damage limits (lower and upper) can be determined. 
Capacity Spectrum Method
In table 3 , the result of the performance point is shown from the simulation of the bridge using CSiBridge's feature of Capacity-Spectrum curve. In structural reliability, the performance function can be derived from the two functions: resistance and the load effect. In this paper, capacity curve is the resistance function, whilst that of response spectrum, it's the load effect. In CSM, this can be captured through the performance points. To illustrate this, one ground motion data was scaled from 0.1g to 2.0g and using an earthquake engineering software application, PRISM, these ground motion data can be transformed to response spectra. The capacity curve, which was derived from pushover curve, can be superimposed to the response spectra. This can be shown in figure 8. All the data from different ground motion data in time history form, were collated and only the Ydirection was considered. In table 4, it summarizes the frequency for each damage state, given the peak ground acceleration (PGA) in g. From this table, the probability of occurrence can be derived as it can be seen in figure 9 . It shows the occurrence of damage state present for every PGA. It can be observed that a PGA of 0.5g, the bridge has already reached the complete damage. The damage ratio can then be derived from the probability of occurrence by accumulating the probability as it increases in the PGA value, as it can be shown in table 5. This damage ratio values are used as scatter points in the plot of seismic fragility curves. By plotting the natural logarithm of PGA vs. damage ratio, linear regression parameters can be determined graphically. These parameters can now be used as statistical parameters, that is, mean and standard deviation, for the lognormal function nature of the fragility curves, as in equation (1). The seismic fragility curves are then plotted using Matlab, as shown in figure 10, 11, 12, 13 , and 14. The values of these fragility curves are listed in table 6. Based on the derived fragility curves, the focus in determining the threshold values for the structural health monitoring is in the Moderate damage level.
Based on figure 12 , the peak ground acceleration that has a probability of exceedance of 10% as per SEAOC provision, is approximately at 0.10g. It means that the bridge is deemed repairable through the bridge components which needs monitoring in the component level. The information earthquake that struck Padre Jacinto Zamora Bridge in April 8, 2017, is shown in figure 15 . The superimposed threshold values where incorporated in the USHER device results, that is, the structural response, as shown in figure 16 . Also, in this figure, the USHER device recorded a maximum of 2.0 m/sec velocity and a maximum displacement of 2.0 m in one of the nodes, i.e., Node 3 as per structural model of the Padre Jacinto Zamora Bridge. 
Flood Fragility Curves by Monte Carlo Simulation
The maximum moment capacity of the columns of the piers are obtained from the column interaction diagram shown in figure 17 , which can be acquired from the bridge model. This maximum moment capacity will be used in determining the damage state experienced by the columns once heavy flooding occurs. The Padre Jacinto Zamora Bridge is built across the Pasig River, thus a model of the river was created using a simulation program to obtain its velocity. There were few methodologies used in the previous studies to acquire the water pressure. In the study of Kim et al. [9] , the American Association of State Highway and Transportation Officials (AASHTO) and Korean Highway Bridge Design Specification (KHBDS) presented an equation for estimating the water pressure expressed in equation (2) .
The damage state is a ratio of the maximum moment demand and the maximum moment capacity. Since the maximum moment capacity is already acquired from the diagram, the maximum moment demand should be identified as well. To get the maximum moment demand, the researchers established a 0 to 100 m/s range to see at what velocity will the bridge experience a collapse damage state. The water velocity is first converted into water pressure using equation (2) from the American Association of State Highway and Transportation Officials (AASHTO) and Korean Highway Bridge Design Specification (KHBDS). The water pressure takes into account the factor for the accumulated debris. Also, the pressure is multiplied to the diameter of the column to get the distributed load which will be used in the equation (3) and equation (4) . The distributed load is shown in figure 18 . (2) where is the water velocity and is the drag coefficient which can be determined in table 7. In this study, two failure modes are considered: (1) lack of displacement ductility at bridge piers, and (2) pier failure. Table 7 . Drag coefficient of AASHTO and KHBDS. Pier Type C D Semicircular-nosed pier 0.7 Square-ended pier 1.4 Debris lodged against the pier 1.4 Wedged-nosed pier with nose angle 90 0 0.8 Figure 18 . Water pressure transformed into distributed load applied to the fixed-end column. Figure 19 . The flood depth classifications used in the study with their corresponding height.
The distributed load, w, will be used in the following equations to get the moment demand at the fixed ends of the column. Equation where is the flood depth, and is the height of the column of the pier. M 1 is the moment at the top end of the column while M 2 is the moment at the bottom end. Since there are two moment demand obtained (M 1 and M 2 ), the greater moment will be considered as the maximum moment demand. This maximum moment demand, however, varies depending on the flood depth. In the analysis, the researchers classify the flood depth according to the height of the columns. The flood depth is divided into four classifications: (1) at quarter height, (2) at mid height, (3) at ¾ of the total height, and (4) at the full height of the column. See figure 19 .
In figure 20 , it is evident that the columns of Piers 1 and 2 have the same height and that the columns of Pier 3 have a shorter height. The height of the columns of Piers 1 and 2 is 15.7 meters while the columns of Pier 3 are 12.8 meters high. Since the columns have symmetrical cross-sections, only one column of the pier will be analyzed in the study. The height of that column is 15.7 meters since it is the tallest among all the columns. The analysis was conducted on four flood depth classifications, but the actual flood depths used in the computation are the mean depths, ̅ , shown in figure 21. The 20% coefficient of variance was accounted in the analysis. Using MS Excel, 1,000 iterations were done per velocity (the 0-100m/s range) and, in those iterations, there are several trials that exhibited results wherein the moment demand exceeded the moment capacity of the column. This exceedance is the probability of failure. The equation for the probability of failure, P f , is expressed in equation (5). (5) Where N is the number of iterations and n is the total number of trials wherein the demand exceeded the capacity. Once the maximum moment capacity, M C , and the maximum moment demand, M d , are established, the damage ratio, M D , can be obtained using equation (6) . MD > 5.0 The mean and standard deviations needed to generate the flood fragility curves are obtained once all the statistical computations are done in MS Excel. These mean and standard deviations are imported into MATLAB to generate the four flood fragility curves for each flood depth classification.
In figure 22 , the bridge has a 10% probability of experiencing "Moderate Damage" at a velocity of 18 m/s when the flood depth is at full height; a velocity of 16 m/s when the flood depth is at mid height; and a velocity of 17 m/s when the it is at ¾ of the total height. As you can see, there is no fragility curve when the flood depth is at quarter height of the column because, within the 1,000 iterations, there were no instances that the demand exceeded the capacity. To say the least, the results generated in the iterations tell us that there is "No Damage" experienced by the bridge within the 0-100 m/s range.
Conclusion
Based on the findings, the threshold value for a moderate damage to Padre Jacinto Zamora Bridge is approximately at 10% of gravitational acceleration. This threshold value was surpassed by the 6th AMMSE 2019 IOP Conf. Series: Materials Science and Engineering 739 (2020) 012002 IOP Publishing doi:10.1088/1757-899X/739/1/012002 13 maximum response of the structure of 0.129g when the earthquake event happened last April 8, 2017 with a magnitude of 5.9, as recorded by the Universal Structural Health Evaluation and Recording device. Hence, a thorough investigation must be done in the component level of the bridge. In terms of the flood fragility curves, at a 10% of probability of exceedance, the bridge is expected to perform in moderate damage at 18 m/s, 16 m/s, and 17 m/s at a full-height, mid-height, and 3/4 -height of the column pier flood depth.
